This prospective observational study compared the internal diameter and cross-sectional area of the right internal jugular vein pre-induction and post-initiation of positive pressure ventilation. Twenty patients undergoing coronary artery bypass surgery were studied. Measurements were taken with the operating table tipped to 30° head down and the head turned 10° away from the side of cannulation. There was a statistically significant increase in both measurements post-intubation. This study suggests that it may be easier and safer to perform cannulation of RIJV after institution of intermittent positive pressure ventilation in patients in the modified Trendelenburg position.
There are several studies emphasising the importance of locating central veins with the help of ultrasound surface transducer. Central vein cannulation may be required for chemotherapy, pacing, antibiotic administration, total parenteral nutrition, haemodialysis, monitoring of central venous pressure, and insertion of pulmonary artery catheters in the operation theatre or intensive care unit. Insertion of central venous lines is routinely performed in cardiac surgery. Our study sought to determine whether the internal diameter (ID) and cross-sectional area of the right internal jugular vein (RIJV) was larger after anaesthesia and institution of intermittent positive pressure ventilation (IPPV) compared with preinduction values.
METHODS AND MATERIALS
This was a prospective observational study on twenty patients with normal left ventricular function who underwent elective coronary artery bypass graft surgery (CABG) at the Royal Perth Hospital. This study was approved by the local Ethics Committee and was performed over a period of six months from mid-July 2001 to mid-January 2002. Exclusion criteria included a history of congestive cardiac failure in the week prior to surgery, previous neck surgery, RIJV cannulation within the previous three months, and left main coronary artery disease (>50% obstruction). All patients received lorazepam 2 mg orally and morphine 5 to 10 mg intramuscularly as premedication.
On arrival in the operating theatre, oxygen was administered via a facemask and an intravenous infusion was established. Midazolam 1.0 mg was administered intravenously and a radial arterial line was sited. The RIJV ID and cross-sectional area were assessed using a 5 MHz surface ultrasound probe (SONOS 2000, Hewlett Packard, Palo Alto, CA, U.S.A.), with the operating table tipped 30° head down, at a point marked at the apex of the triangle formed by the two heads of sternocleidomastoid muscle. The ID and cross sectional area of the RIJV were measured at end-expiration with the head turned 10° contralateral to the side of cannulation, in order to obtain an optimal short axis view of the vein. The ID was measured from the most medial point to the most lateral point of the vein and the crosssectional area was traced around the inside border of the vessel with the image frozen. Care was taken not to apply pressure to the vein to distort its shape. Without altering the position of the table, anaesthesia was induced with fentanyl 10 to 15 µg/kg and the trachea was intubated after administration of pancuronium. The patients were ventilated with a tidal volume of 10 ml/kg at 10 breaths/minute with an air, oxygen and isoflurane mix. Hypotension was treated if required with phenylephrine and minimal fluid was administered. The measurements were repeated five minutes after intubation at the same point in the neck, at end inspiration with the patient in the same position as the previous measurement (the RIJV was largest at end-inspiration with IPPV). After recording the dimensions of the RIJV, using a Seldinger technique, a quadrilumen central venous line was inserted into the right subclavian vein and a 9 Fr pulmonary artery catheter introducer was inserted into the RIJV followed by a pulmonary artery flotation catheter. The RIJVs were all easily cannulated without ultrasound assistance.
Data are presented as mean±standard deviation. Paired t-tests were used to assess the difference between the pre-induction and post-induction values. P values <0.05 were considered significant.
RESULTS
After institution of IPPV, the mean ID and mean cross-sectional area of the RIJV increased by 16% and 37% respectively (P<0.05, Table 1 ). In two patients the ID and cross-sectional area decreased marginally following institution of IPPV, in contrast to the other 18 patients in whom the values increased.
DISCUSSION
Internal jugular vein cannulation is performed routinely in cardiac surgery, but there is some debate amongst clinicians as to whether it is safer and easier to insert central lines before or after intubation. Furthermore, an awake patient may find insertion of a central line more painful and uncomfortable (as it may require multiple attempts to locate the vein and considerable pressure may be applied to the neck). This added stress may be detrimental, particularly in patients with myocardial ischaemia. In addition, heavily sedated patients airways may obstruct, which can be difficult to detect and attend to with the patient's face covered.
To our knowledge, there have been no previous studies comparing the internal jugular vein ID and cross-sectional area preinduction and post intubation in patients undergoing coronary artery bypass graft surgery. Armstrong et al 1 compared the effect of different positions and the Valsalva manoeuvre on IJV size in awake patients and found that the diameter of the IJV was significantly higher in patients who performed the Valsalva manoeuvre, those in 30°T rendelenburg position, and those with an abdominal binder, compared with patients in the supine neutral position. Lobato et al 2 compared the CSA of the RIJV and left internal jugular vein (LIJV) in different positions and found that the cross-sectional area of the RIJV was significantly greater than the LIJV. Furthermore the cross-sectional areas of both veins were increased significantly with the Valsalva manoeuvre, a 10° Trendelenburg tilt, or by a combination of both manoeuvres. Mallory et al 3 studied the effect of pre-cannulation manoeuvres on IJV lumen size using 2-D ultrasound and found that palpation of the carotid artery significantly decreased crosssectional areas of the IJV, a modified Trendelenburg position reliably increased the lumen cross-sectional area, and Valsalva manoeuvres increased the IJV size. However this did not achieve statistical significance. Lobato et al 4 studied the changes in crosssectional area of the RIJV in response to positive intrathoracic pressure and hepatic compression in mechanically ventilated patients during general anaesthesia. They concluded that hepatic compression and positive inspiratory hold effectively dilate the RIJV in supine patients and performing these manoeuvres with patients in the Trendelenburg position may facilitate cannulation, possibly by making the vein less collapsible. These studies were performed by either comparing the diameter and crosssectional areas of the IJV in different positions with and without the application of Valsalva manoeuvre in awake subjects with respect to the supine position, or by comparing the ID of the IJV in mechanically ventilated patients in supine and Trendelenburg positions.
The anatomical relation of IJV to carotid artery varies. A study by Docktor et al 5 in 80 patients found that in the mid-cervical region the IJV was anterolateral to the carotid artery in 47.5%, directly anterior to the artery in 25%, lateral to the artery in 25%, medial to artery in 1.3% and anteromedial in 1.3%. Much has been written recently about routine ultrasound examination of the IJV during cannulation to avoid complications, particularly carotid puncture 5, 6 . Carotid artery puncture, especially in association with anti-platelet drugs and/or anticoagulants, may lead to haematoma, making cannulation of the IJV even more difficult. To minimize these complications it has been suggested that the cannulation needle is best inserted during end-inspiration while on controlled ventilation, when the diameter of IJV is maximal 4 .
The findings of our study support this view. With the vein maximally dilated, it is less likely to collapse and the operator is less likely to advance into the artery.
It can be very difficult to coordinate the cannulation with the respiratory cycle in a spontaneously breathing patient and relatively easier in a ventilated patient. However, our study applies only to patients in whom intubation and intermittent positive pressure ventilation is an option. In summary, we found that there was a statistically significant increase in the internal diameter and cross-sectional area of the right internal jugular vein after intermittent positive pressure ventilation, compared to pre-induction values. The increases occurred in most, but not all patients. Cannulation of the right internal jugular vein may be easier with the patient in a modified Trendelenburg position after induction of anaesthesia and initiation of intermittent positive pressure ventilation. Many other factors may also contribute to the decision as to when to cannulate the central veins during cardiac surgery.
